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Let L(R) denote the associated Lie ring of an associative ring R under the Lie 
multiplication [x, y] = xy- yx; x, ye R. Then R is said to be Lie centrally 
metabelian if the Lie ring L(R) is centrally metabelian, that is, [[xl, x2], [x,, x.,], 
x,]=OforaIlx,,x,,x,,x,,x,ER.LetGbeagroupandKbeafieldsuchthat 
the group ring KG is Lie centrally metabelian. If char K=O, then it is known that 
G is abelian. In this paper we have obtained two results on Lie centrally metabelian 
group rings, when char K =p > 3. The tirst states that if char K =p > 3, then KG is 
Lie centrally metabelian if and only if G is abelian. The second result proves that 
if char K= 3 and KG is Lie centrally metabelian then the commutator subgroup G’ 
is a tinite 3-Engel 3-group of exponent at most 9 and consequently nilpotent of class 
at most 4. Further it has been shown that if KG is Lie solvable and char K=p is 
sutliciently large, then G is abelian. At the end, we obtain an interesting result 
which shows that S2( U(R)) - 1 C_ cS”’ (L(R)) R for any ring R, where 6@‘( U(R)) 
and @‘(L(R)) denote the second derived term of the unit group U(R) and the 
associated Lie ring L(R) of R, respectively. As a consequence the unit group U(R) 
is metabelian if the Lie ring L(R) is metabelian. % 1992 Academic Press, Inc. 
1. INTRODUCTION 
Throughout ring will mean an associative ring with identity 1 # 0. Any 
ring R may be treated as a Lie ring under the Lie multiplication [x, y] = 
xy - yx, x, y E R. The Lie ring, thus obtained, will be denoted by L(R) 
and will be called the associated Lie ring of R. In general, inductively, 
[XI 3 x2, . . . . x,1 = ccx,, x2, . . . . x,-,1, x,1 and Cx, .A= CC% .-l~lF~l. 
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Also a Lie ideal of R means an ideal of the Lie ring L(R). Thus V is a Lie 
ideal of R if V is an additive subgroup of R and v E V, r E R implies 
[v, r] E V. The identity vr = [v, r] + rv gives that VR = RV for any Lie 
ideal V of R. Thus VR and RV are two sided ideals. For any two Lie ideals 
V and W of R, we shall denote by [V, W] the additive subgroup of R 
generated by { [ v, w] 1 VE V, WE W> and it may be noted that [V, W] is a 
Lie ideal. 
The lower central and the derived chains of a Lie ideal V are defined 
inductively as y, (V) = V, yn+ , (V) = [y,(V), V] and dCo)( V) = V, 6’“‘(V) = 
[6(-q V), h(“-I)( V)], respectively. The ring R is called Lie solvable of 
length n (Lie nilpotent of class c) if d(“)(L(R))=O and 6”-1(L(R))#0 
(yc+ I (UR)) = 0 but Y,(UR)) Z 0). 
If Sc2’(L(R)) = 0, then R is called Lie metabelian. R is said to be Lie 
centrally metabelian if dc2)(L(R)) is contained in the centre of R, i.e., 
[6’*‘(L(R)), R] = 0. 
Let G be a group written multiplicativeiy. For elements g,, g,, . . . . g, in 
G, the commutators are defined by (g, , g2) = g ; ‘g; ‘g, g, and inductively 
(g1, g,, . ..Y g,) = (@I> g2, ...? g,- 1), g,). The lower central chain and the 
derived chain of G are defined by y1 (G) = G, y, + 1 (G) = (yn (G), G) and 
S(‘)(G) = G, 6’“‘(G) = (~5~~~ i’(G), 6’“- ‘j(G)) respectively. We shall denote 
by G’ the commutator subgroup y,(G) =6”‘(G) of G. 
Let G be a group and K be a field. We denote by KG the group algebra 
of the group G over the field K. In this paper, we investigate as to when 
the group algebra KG is Lie centrally metabelian. Lie metabelian group 
rings were studied in [7]. Lie solvable and Lie nilpotent group algebras 
were characterized in [S]. If p is a prime, we say that G is p-abelian if G’ 
is a finite p-group. G is o-abelian means G is abelian. If char K = p > 0 and 
p # 2, then KG is Lie solvable if and only if G is p-abelian and KG is Lie 
nilpotent if and only if G is p-abelian and nilpotent (see [S, V.3.1 and 
V.4.41). 
In Section 2, we study the group algebra KG when char K =p > 3 and in 
Section 3 we deal with char K = 3. Our methods do not work in char K = 2. 
In Section 4, we show that dC2)( U(R)) - 1 E dc2’(L(R)) R for an arbitrary 
ring R, where U(R) denotes the group of all units in the ring R. 
This work is continuation of the earlier work by the authors [9, 10, 111, 
and papers [ 1,4, 71 have been very useful during the investigation. 
2. LIE CENTRALLY METABELIAN GROUP RINGS OF 
CHARACTERISTIC p> 3 
Let R be a ring. We shall denote by J the ideal of R generated by all 
elements [[r,, r,], [r,, r,], r5] as r r r , , *, 3, r4, r5 vary over all elements of 
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R, i.e., J= [#“(L(R)), L(R)] R= R[S(*‘(L(R)), L(R)]. Clearly R is Lie 
centrally metabelian if and only if J= (0). Also we define I to be the ideal 
of R generated by all elements [[r,, r,], [r,, r,], [TV, r,]], riER. Thus 
Ic J and I= (0) in any Lie centrally metabelian ring. 
In what follows, we shall repeatedly use the Lie identities [xy, z] = 
x[y, z] + [x, z] y, [x, yz] = y[x, z] + [x, y] z and the Jacobi identity 
[[x, y], z] + [[y, z], x] + [[z, x], y] =O. Also wherever x-i, y-‘, etc. 
occur, it is understood that x, y belong to the unit group U(R). 
LEMMA 2.1. Let R be a Lie centrally metabelian ring such that 2 E U(R) 
and let x, y E R. Then 
(i) [x,YICX,Y,YI and C x, y, y][x, y] are central in R; 
(ii) CCx,y13,yl =O; 
(iii) Cx,y12 Cx,y,yl=O= Cx,y,yl[x,y12. 
Pro4 (i) CCx,yl, Cxy,yll = ECx,yl, Cx,ylyl = [-~~yICx~y~yl~ 
SC2’(L(R)), which is central in R. Similarly [x, y, y][x, y] = [[x, y], 
[ yx, y]] is central. 
(ii) and (iii). 
CL+% Y13? Yl = L-x, Y12 CX? YT Yl + CC% Y12, YICX, Yl 
=c~~Y12c~~Y~Yl+~~~Ylc~~Y~Ylc~~Yl+c~~Y~Y3c~~Y12 
= 3cx, Y12 L-4 Y, Yl, using (i). 
By opening the first term on the right, we get 
So CCx, y13, ~1 = - Cx, y12 Cx, Y, ~1, by 6). 
From above we see that 4[x, y]’ [Ix, y, y] =0 and hence [x, y12 
[x, y, y] = 0, as 2 E U(R). We also get [[x, y13, y] = 0. This proves (ii) 
and (iii). 
Remark. If R is as in Lemma 2.1 and y-l exists, then [x, y][x, y, y-‘1 
and [x, y, y-‘][x, y] are central and [[x, y13, y-‘1 =O. Also expanding 
the middle term in [x, y][x, y, y-‘y][x, y] =0 and using (i) and (iii) 
above, we get 
LEMMA 2.2. In any ring R, we have 
(i) ~C~l,~2,~lCy~~lC~~~~2~yl~~~ 
(ii) ~C~,,~~,YICY~‘,ZIC~~,~~~YI~~~ 
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Proof: (i) By expanding the first term on the right and adjusting, we 
have 
~c~,~~,~YlcY~~lc~,~~*~Y1= -[[Yv~Yl~ CXI,-%l, cx,~x211 
+ CkYl? cx,, %I, [x,7 x211 Y 
+YcczY,Yl, CX,? d, cx,, x*11 
-Ycc4Yl? cx,, X,ll [XI? x*11 Y. 
Clearly the right hand side belongs to I. 
(ii) BY part (i), ~C~,,~,,~~‘ICY~~,Y~YIC~,,~,,~~‘I~~ 
By taking y out on the left from the middle term and adjusting with the 
first, we see that 2[x,, x,,y][yP’, zy][x,, x,,y-‘1 EZ. 
Similarly doing on the right, we get 2[x,, x,,y][yP1, z][x,, x,,y] EZ. 
LEMMA 2.3. rf R is a Lie centrally metabelian ring in which 2 E U(R), 
then [x, y-J6 = 0 for all x, y E R. 
ProoJ: In the proof of Lemma 2.1 (ii), we have observed that 
~x~Y13=zl-xz2+Yz3 where z~=[[x~xYl~ [YX,Y11,Z2=[X,Y,Yl[X,Yl 
and z3 = [y, x, x] [ y, x] are central in R. By Lemma 2.1, it is easy to see 
that z,z2=z2z3 =z1z3 =0 and z: =z: =O. Also by Lemma 2.2 and 
Lemma 2.1 it can be seen that zf =O, since Z= (0) and 2~ U(R). We, 
therefore, have [x, y16 = 0. 
LEMMA 2.4. For all a, b E U(R) and r E R, 
(i) 2C(a, b), blCb, rlC(a, b), 61 E I; 
(ii) 2C(a, 61, blCbpl, rlC(a, b), bl EI; 
(iii) 2((a, 6, 6) - 1)3 E I. 
Proof. (i) [(a, b), b] = [a-‘b&lab-1, b] = [[a-‘, b&la] b, b] = 
[a-‘, b-la, b] b and b[b, r] = [b, br]. 
The rest follows by Lemma 2.2(i). 
(ii) Follows similarly by Lemma 2.2(ii). 
(iii) 2((a, b, b)- 1)3 = 2(a, b)-’ bp’[(a, b), b][(a, b)-‘, b-‘](a, b) 
b[(a, b)-‘, b-‘](a, 6) b = -2(a, b)-’ b-‘[(a, b), b][b-‘, (a, b)-‘1 
[(a, b), b](a, b)-’ b-‘(a, b) b. 
Thus 2((a, 6, b) - 1)3 E Z, by part (ii), as desired. 
We now obtain the main results of this section. 
481/151/2-15 
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THEOREM 2.5. Let K be a field of characteristic p > 3 and G be a group 
such that the group algebra KG satisfies the following identity: 
ccx,, x21, Lx,, 4 CX,? X611 
= 0 for all x, , x2, xg, x4, x5, xg belonging to KG. 
Then G is nilpotent of class atmost 2. 
Proof By Lemma 2.4(iii), ((g, h, h) - 1)3 = 0, for all g, h E G. Clearly 
aC3’(L(KG)) = 0, so KG is Lie solvable. Therefore G’ is a finite p-group by 
[S, V.3.11. But p > 3, hence (g, h, h) = 1. Thus G is 2-Engel. It follows from 
([6, Theorem 7.141, or [3]) that (G’, G)3 = 1. Again, since p > 3 and G’ is 
a p-group, we have r3 (G) = (G’, G) = 1. So G is nilpotent of class almost 2, 
as desired. 
THEOREM 2.6. Let K be a field of characteristic p = 0 or p > 3 and G be 
a group. Then KG is Lie centrally metabelian tf and only tf G is abelian. 
Proof: Clearly if G is abelian, then KG is Lie centrally metabelian, in 
fact commutative, in all characteristic. Also if char K = 0 and KG is Lie 
centrally metabelian, then by ([IS, V.3.11 or [9]) G is abelian. 
Suppose, now, that char K =p > 3 and KG is Lie centrally metabelian. 
By Theorem 2.5, G is nilpotent of class atmost 2. Thus G’ is central. Also 
G’ is a finite p-group by [S, V.3.11. Now from Lemma 2.1 and the fact that 
(x, y) is central for all x, y E G, we have 
0 = cx, Y12 cx, Y, Yl 
=cx~Y13Y-cx>Y12Ycx>Yl 
={Yx((x,Y)-1)}3Y-{Yx((x,Y)-1)~2YYx((x,Y)-1) 
= {(Yx)3Y-(Yx)2Y2x}((x~Y)- II32 
=(Y42Y2x((x,Y)- l14. 
This gives that ((x, y) - 1)4 = 0. But G’ is a p-group and p > 3, so 
(x, y) = 1. We conclude that G is abelian and the proof is complete. 
If KG is Lie solvable and char K =p > 3, then by [9, Theorem 2.11 the 
ideal J of KG is nilpotent. Let N be the nilpotency index of J. We deduce 
that for large p, Lie solvability of KG implies G is abelian. 
THEOREM 2.7. Let KG be Lie solvable and char K =p > 3. If p - 1 >, 4N, 
then G must be abelian. 
Proof Let g, h E G. By Lemma 2.4(iii) ((g, h, h) - 1)3 E Zc J and this 
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implies that ((g, h, h) - 1)3N E JN = (0). Now p - 1 2 4N, SO 
((g,h,h)-l)P-l=O. But G’is alinitep-group [8, V.3.11, so (g, h, h)=l. 
Thus G is 2-Engel. Now exactly as in the proof of Theorem 2.6, we have G’ 
is central and for all X, y E G, ((x, y)- 1)4 = x-‘y-*(yx)-* [x, y]’ [x, y, y]. 
Now KG/J is Lie centrally metabelian of characteristic p > 3, so by 
Lemma 2.1 ((x, y) - 1)” E J. Thus ((x, y) - 1 )4N E JN = (0). Again since 
p-1>4N, we get ((x,~)-l)~~‘=O and (x,y)=l. Hence G must be 
abelian. 
3. LIE CENTRALLY METABELIAN GROUP RINGS OF 
CHARACTERISTIC 3 
Let R = Z,S, be the group algebra of the symmetric group S3 over the 
field Z, of integers modulo 3. It is not difficult to see that Z3S3 is Lie 
centrally metabelian but not Lie metabelian. Here S3 is non-abelian and 
metabelian. Thus the situation in characteristic 3 is different from the 
characteristic p > 3, where Lie centrality of KG implies G is abelian. 
In what follows, we shall repeatedly use Lemma 2.1 and the fact 
that [x,y] [x,y,yP1] and [x,y,y-‘][x,y] are central and [x,y]* 
Cx,y,Y-‘I= C~,Y~C~,Y,Y-~~C~,Y~= Cx,~,y~‘1[x,y1’*=0 in any Lie 
centrally metabelian associative algebra R over a field K of characteristic 3. 
This is remarked immediately after the proof of Lemma 2.1. 
LEMMA 3.1. Let R be a Lie centrally metabelian associative algebra over 
a field K of characteristic 3 and let x, y E U(R). Then 
0) C(X,Y)- 1, C4yl*l=O; 
(ii) C(x, Y) - 1, CT ~1’1 = 0; 
(iii) C(X,Y)-1, Cx,~ll((x,Y)-1)=O. 
Proof 
0) C(x, Y) - 1, CT ~1’1 
= cx-‘Y-‘cx,Y1~ CX,Y121 
= cx-‘y-l, cx, Y121b, Yl 
=x -I cy-‘, cx, Y121 C&Y1 + Lx-‘, cx, Y121 y-‘C-% Yl 
Z--X -1C~,Y,Y-11C~,Y12-~-1C~~YlC~~~~Y-11C~~Yl 
+c~,Y1cY,x~x-‘1Y-‘cx9Y1+cY~x~x-‘1 
x cx~Y1Y-‘c-%Y1 
= 0, as observed above. 
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(ii) By Lemma 2.1, [x, y13 commutes with x and y and hence with 
k Y) - 1. 
(iii) C(X,Y)- 1, CxlYII ((x,Y)- 1) 
= cx-lY-lcx,Yl, c4Y11x~'Y-'c.%Y1 
= -x ~lcx,Y~Y~'lcx~Ylx ~'Y-'cx,Y1+cY,x,x-'1 
xY~'c4Y1x-'Y-'cx,y1 
= CCY, x, x--'I, cY~'~~Y11~-'Y~'c~,Y1, 
other terms being 0, 
=~-'Y~'ccy,~,~~'l~~,Yl, CY~'X,Yll 
-x-'y-'[y, x, x-l IL-CX,Yl> W'4Yll 
= 0, 
since [y, x, xP’1 [x, y] and [[x, y], [y-lx, y]] are central. 
LEMMA 3.2. Let R and elements x, y be as in Lemma 3.1. Then 
((x, y) - 1)” = 0. 
Proof: By Lemma 2.3, we have [x,y16=0. Thus x-‘y-‘[x,y][x, y]’ 
=0 and we have ((x,y)- l)[x, y]‘=O. 
By Lemma3.1 [x, y15 ((x,y)- l)=O and therefore 
~~'Y-1c~,Ylc~,Y14~~~,Y~-~~=~~~,Y~-~~c~,Y14~~~,Y~-~~ 
= [x, y14 ((x, y)- 1)2=0. 
Continuing this way and using Lemma 3.1, we reach ((x, y) - 1 )[x, y] 
((x, y) - 1)4 = 0, which upon using Lemma 3.l(iii) gives x-‘y-‘[x, y] 
((x,y)-1)5=((x,y)-1)6=o. 
LEMMA 3.3. Let the group algebra KG be Lie centrally metabelian and 
char K= 3. 
Then (x,y)3=1forallx, LEG. 
Proof: Since KG is Lie solvable and char K= 3, the commutator 
subgroup G’ is a finite 3-group [S, V.3.11. By Lemma 3.2 
and hence (x, Y)~ = 1, as desired. 
It may be noted that in the situation of Lemma 3.3, ((x, y) - 1 )3 = 0 and 
thus ((x, y) - 1)2 (x, y) = ((x, y) - 1)2 for all x, y E G. 
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LEMMA 3.4. Zf the group algebra KG is Lie centrally metabelian and 
char K= 3, then 
((x, Y, Y) - I)* ((x, Y, Y, Y) - 1) =O for all x3 Y E G. 
Proof Let a = (x, y) and b = y. Then 
((a, b) - l)* = (a, b)* + (a, b) + 1 
=(b,a)-l+(a,b)-1, since (a, b)3 = 1 and char K= 3. 
= -b-‘aa’[a, b] +a-‘bb’[a, b] 
= [a-‘, bb’][a, b]. 
Also 
((a, b)- 1)3= [a-‘, bb’][a, b][aa’, bb’] ab=O 
and therefore 
[aa’, bb’][a, b][a-‘, bb’] =O. 
Finally 
((a,b)-l)*((a,b,b)-1) 
=((a, b)-l)* (a, b).(a, b))‘b-‘[(a, b)-1, b] 
= [a-‘, bb’][a, b] bb’[[a-‘, b-l] ab, b] 
= [a-‘, bb’][abb’, b][aa’, b-l] ab2 
=c~Y,~~-~~Y-‘1c~~,Y~Y-‘~Y1c~Y~~~-~~Y--’1~~~Y~Y2 
= cY-‘cx-‘Y, ~1~Y~‘1c~~,Y~Y~‘~Y1cY~‘c~~‘Y~ xl~Y-11(x~Y)Y2 
=Y-‘c~-‘Y,~,y~11c~~,Y~Y~2,Ylc~-1Y,~,Y-11~~,Y~Y2 
= 0, by Lemma 2.2(ii). 
We now prove the main result of this section. 
THEOREM 3.5. Let G be a group and K be a field of characteristic 3 such 
that KG is Lie centrally metabelian. Then G’ is a finite 3-Engel 3-group of 
exponent at most 9 and it is nilpotent of class atmost 4. 
Proof By [S, V.3.11 G’ is a finite 3-group and by Lemma 3.3 (g, h)3 = 1 
for all g, h E G. Let x, y E G’, we show that (x, y, y, y) = 1. If a = (x, y) and 
b = y, then by Lemma 3.4 
((a, b)- l)* ((a, b, b)- l)=O. 
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So {(a,b)2+(a,b)+l}{(a,6)-1(a,b)b-l}=0. If (a,b)=l, then 
(a, b, b) = (x, y, y, y) = 1. If (a, 6) # 1, then the above equation gives that 
either (a, b)-’ (a, b)b= 1 or (a, b)(u, b)b= 1. But (a, b)-’ (a, b)b = 1 means 
(a, b, b) = 1. Also (a, b)(u, b)b = 1 implies (a, b)-’ (a, b)b = (a, b, 6) = (a, b). 
This gives that (a, ,,b) = (a, b) for all n > 1. But G’ is nilpotent, so 
(a, .b) = 1 for some n and (a, b) = 1. Thus (x, y, y, y) = (a, b, b) = 1 always 
and G’ is 3-Engel. It follows from [6, p. 48 J that G’ is nilpotent of class 
atmost 4. 
Further let x, y E G’. Then 
(x9 Y3) = 6, Y)(& YY (X> YP 
= (x, Y)’ (x, Y, YK? Y)k YY Y’) 
= (XT YJ3 (XT YY Y)((X, YT Y), (x5 Y))(X, YY Y)(-% YT YY 
= 6, Y, yJ3 (x, Y, Y, Y), since (x, yJ3 = 1 and y,(G’) = 1 
= 1. 
We have proved that y30[(G’), that is, G’/[(G’) has exponent 3 if it is 
non-trivial. By [6, Theorem 7.141 G’/I(G’) is 2-Engel and (x, y, y) E [G’) 
for all x, y E G’. 
Next, for all x, y E G’, it is easy to see that 
(xy)3 = y3x3x - l (4 Y)’ (X> YY Y) x(x, Y) 
=y3x3(y, X)(Y, x9 x)(x, Y, Y)(X, Y) 
=y3x3(y, x, x)(x, Y, Y). 
Now any element of G’ is w = (x1, y,)(x,, yz). . . (x,, y,). If n = 1, then 
w3=1. Ifn32, then w=w1w2, where ~~=(x,,y~)(x~,y~)...(x,~,,y~~~) 
and w2= (x,, y,). We shall show by induction on n that w9 = 1. 
From above w3 = M$w~(w,, wl, wr) (w,, w2, w2) and therefore w9= 
wy(w2, wr, w~)~ (w,, w2, w*)~= 1. Thus exponent of G’ is atmost 9. This 
completes the proof. 
4. LIE METABELIAN RINGS 
In this section, we consider Lie metabelian rings and their group of units. 
We use 6(“)(L(R)) for the nth term of the derived series of the associated 
Lie ring L(R) (see Section 1 for definition). Our main result is the following 
theorem for n = 2. 
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THEOREM 4.1. If U(R) denotes the group of units of a ring R, then 
#“)(U(R))- 1 GC?(“)(L(R)) R for n=O, 1,2. 
Proof For n = 0, the result is obvious. Also for n = 1, it follows on the 
standard lines. 
In order to prove bC2)( U(R)) - 1 c fiC2’(L(R)) R, it is enough to prove 
that 
((x, Y), (u, 0)) - 1 E ~‘*‘(-UR)) R for all x, y, u, v E U(R). 
It may be noted that S(“(L(R)) R = R c?‘~‘(L(R)). 
Further 
((x, YL (4 v)) - 1 = (4 u)r’ (4 VI-l [(XT Y), (4 VII. 
Thus it suffices to show that [(x, y), (u, II)] E S(*‘(L(R)) R. 
This we accomplice in two steps. First we prove that for any 6, c E R and 
u, DE U(R), [[b, c], (u, v)] E S(*‘(L(R)) R. We proceed as follows: 
CCh ~1, (~2 u)l 
= [[b, c-J, u-‘v-‘[u, v]] 
=24 %-‘[[b, cl, [u, v-J] +u-‘[[b, c], v~‘]Cu, v] 
+ [[b, c], u-l] up’[u, v] 
=I4 -‘up’[[b, cl, [u, v]] +u-‘[[b, cl, [K’u, u]] 
-u-‘up’[[b, c], [u, v]] 
- [[b, c], [u, U-‘up’]] v+u-‘[[b, c], [u, v+]] u, 
Usingv-‘[u,u]=-[u,vP’]v 
and taking [u, v] with v- ’ and [u, v-‘1 with u-l inside the bracket. 
= 0 mod (c?(~‘(L(R)) R). 
The second step uses exactly similar arguments on the first component 
(x, y) to get the following: 
[(XT Y), (U> VII 
= L-~~lY-lc&Yl, (4 VII 
=x-‘Y-Lccx,Yl, (4 VII +x-‘cL-Y-‘x,y1, (4 VII 
--x-‘Y-‘ccx,Yl, (4 VII 
- [CT x-‘Y-‘lT (4 VII Y+x-‘ccx,v-‘l, (UT VII y 
= 0 mod (6’*‘(L( R)) R) by step one. 
486 SHARMA AND SRIVASTAVA 
The following is now immediate. 
COROLLARY 4.2. Let R be a ring which is Lie metabelian. Then the unit 
group U(R) is metabelian. 
Gupta and Levin [ 11 have proved that Y,, (U(R)) - 1 E y,,(L(R)) R for 
all n. In view of Theorem 4.1 and [ 11, Lemma 1.41, perhaps, for a given n, 
there exists an m such that hcn)( U( R)) - 1 YZ 6’“‘( L( R)) R. It may be helpful 
to note that (y,(L(R)) R)’ E &*)(L(R)) R [9, Corollary 1.101. Also it is 
not known whether (a’*‘( U(R)), U(R)) - 1 c [dC2’(L( R)), L(R)] R. 
Rosenberger and Levin [7] have characterized Lie metabelian group 
rings. Some of these results can be obtained using the results of this paper. 
However, the results in [7] are obtained directly and in a straightforward 
manner. 
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